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Early Adaptation of Thyrotropin and Thyroglobulin Secretion to Experimentally
Decreased lodine Supply in Man

G. Brabang, P. Bargmann, C.M. Kirsch, J. Kshda, R.D. Hasch, and A_ von 2ur Mdhlaa

Five healthy mals voluntesrs [aged 28 to 28 years) were studied both shtar 4 weeks of trsatment with 200 ug lodine /d orally -
{PO) and fofowing experimantal lodine depistion by trestment with 3 x 300 mg perchiorats /d PO over a 4week period, In an
attempt to better define the sarly adaptive responses to an siteration In lodine supply In thyrold function. lntnth'yfoidal toding,
secum trilodothyronine (Tyl free Ty {FTsl, thyroxine (T4, free Ty (FTL reverss Ty Tyl thyroxdne-binding globulla (TBGI.
thyroglobulln (Tgl, and thyrotropla (TSH] lavels {10-minute sampling over 24 hours] were messucsd at the sad of lodine -
administration and at the end of perchiorate treatment. Thyrold velume was determinad by sonopraphy, and lodine content
was dstermined by fluorescence sclntigraphy, TSH pulses were snalyzed by computsrsesisted programe. Comparing both
sxperimental situstions, perchlorsts treatmant significantly reduced lntrathyroldal lodine soncentration (40 + 1340 228 2 2 2
amol/mi, £ < 05], but thyraid waluume and 10tal 8arims To Ta Py #0c TBG iwveis wers not ahterad Masn $4-hour serum THH

' levals (1.8 2 0.3t0 1.0 2 03 /L £ < 8211 emouni of TOH seorviag/purise 106 2 6.9 38 £ 6.1 miis, # < 0011, and FT,
. lavels {15.7 % 1.7 to 143 £ Y4 pmol/L P < .005] wers sipgnificantly diminished, wheress Tg lavels (18.8 £ 10.0t0 35.1 £ 14.0
ng/ml, P < .01) wors significantly Increasad. Thyrold-spacific sntibodies were normal and were not altered by traatment.
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These dats suggest 8 higher sensitivity of the thyrold to TEBH in the early sdaptation to lodine depletion; thus, less TSH s

sufficlent to maintain normal thyrold functioa.
Copyright © 1892 by W.B. Saundecs Company

E INFLUENCE OF dictary jodine deficiency oa
thyroid growth and goiter formation has beea thore
oughly documented,! but the mechanisms involved in this
pathophysiological adaptation are still the subject of consid-
¢rable controversy. Thyrotropin (TSH), via cyclic adeno-
sine monophosphate (cAMP)-dependent pathways, has

been shown to directly stimulate specific thyroid functions

such as lodine trapping, thyrold peroxidase, and thyrogiob-
ulin (Tg) gene expression®™ In many species, Including
humans, TSH direstly medimcs thyrocvte prolifcratics and
diffcrentiation, but these effacis tuve been dispuica in
other species.? Severe odine deficicncy decreases thyroid
hormone formation, and it has been argucd that an sccom-
panying Increase In circulating TSH serum levels stimulates
goiter growth.*® This pathophysiological link between thy-
roldal Jodinc supply and TSH-mediated thyroid prolifers.
tion has been the basis of the treatment of endemic goiter
with thyroid hormones. Howcver, an Inercased TSH scere-
tion has ncver convincingly been demonstrated in patients
with endemic goiter grades T and 11, suggesting. that the

increase in TSH serum levels occurs Iate in the discase,2® -

Bray!! explaincd this discrepancy by an Increased sensitivity

- of the thyrold to TSH ia lodine deficicncy, With the recent

discovery that TSH ks released in pulses, 12 this inereased
sensitivity may, as an alternative hypothesis. be explained
by changes In the patiem of pulsatfic TSH release. lodine

deficlency may stimulate thyrocyte proliferation not by an -

Increase In circulating serum levels of TSH, but by altering
the pattern of pulsatile TSH release. In the present study,
we tested healthy male volunteers for potentisl cardy
chaneet In the 1emporal patiern and absolute sertat concens

 tration of TSK ix responte. ta adecrease inlodine supply to

the thyrold. .

SUBJECTS AND METHODS

Five hestthy male subjects (aged 25 to 28 yean) partiipated ln
the study alter giving writtea Informed consent. Special care was

. Waken 10 ensure pormal thyrold fuaction by measuring total and

{rec thyraxine (T and FT,) snd trilodothyronine (T) and FT))
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(Coralng, Glessea, Germaay), and by determination of thyrold-
specific antibody level (thyrold peroxidase antibodies, sath
thyroglobulin satibodies, aad TSH-recepior antiodies; Henning,
Besia, Germany). Nodelar thyrold changes were exciuded by
Mgh-frequeacy sonograply (7.5 MHz), and thyrold size was evahss’
ated by ultrasound. Duriag the At & weeks of the study, 200 ug/d
lodine (Jodid 100, Merck, Darmstady, O¢rmany) was adminisiered

-ofally (PQ), and ot the end of this peciod Yood was sazpied yndes

slandardized conditions {(slep decurred betweea 1200 A 2ad
200 Ast, meats were sl foxed timres) every i€ uiniics over 24 hoort,
Ca the joliowing day. lotreitvrolds! Indine anamteat == A tep.
mined 45 previously descrided’ by fluorescence scintigraply (Fluo-
rescence Scanner System QM, EG&Q Instruments, Minchen,
Germany; mounted on & Picker Magnascanner SO0, Picker, Gere
many) using americium 241 as the source of ndistion.

Afier lodine supplementstion was discontlnued, the subjects
were treated with 3 X 300 ;g perchiorate/d PO (reaat, Tropoa,
Kata, Germany) to induce 3 state of jodine depletion. Al the end of
8 4-week period of fodine depletion, the Mnitlal 2¢-haar blood.
sampling protocal snd the evaluation of hormose levels, 1hyrold-
specific antibody titers, latrathyroidal jodine content, 2ad thyroid
size were sepeated,

Tx Te FTy FT¢ 204 thyroxine-binding globufia (TBG) serum
levels were measured as 8 mean of six serum camples obtained I
6-bour intecvals by commerciafly sallable ndicimmuncassay kits
{Coming. Giessen, Cermany; Bahring Marburg, Cermany). Se.
rre reverse Ty (fT2) coaceninations were measured iz the same -
serum sampies, a8 previoutly deserfhedd Tp serum kevels were
determined in 30-minute atervais, and [a each J0-minnte sample
TSH wat measured by our previously descrbed method, using
comunercially svaflable Immunometsic tits (Heaning, Berfin, Gers
many). Both rhythms of aa individual were 1ested in the same st of
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soays. The matimalintraaaay of faterasay axficxeat of varistioa
‘ol sl avayr mes L TEL
To determine pulsatile TSH releree = roicaib Zorded,
computes-ssuded program for pubs anshak, DESADE, was used,
with 3 cslculated rate of fabe-potitive pubies of ke than 13.%
Cromacorrclation heiween TSH and T thythms, using M-minute
Intervals for both homones, was performed using » computer-
asskicd program.’? Siatistical evaluation was performed by palred
Students £ tesy; values are presented as the mean 2 §D.

RESIATS

Mcan thyrold volume In the volunteers was not signifi-
canily diffcrent at the end of the lodine supplemeniation
period and following perchlorate treatmicnt. la contrast,
Intrathyroldal iodine concentration was significantly de-
cressed by loding depletina The ~roleddng coo 5 concea-
trutions of thyroid hormenes =arc 135 signifcandy sitered
by cither freatment. Only s#rum FT; levels dosraased
slightly but significansly. No chunges were teen In Ty/T, or
FT3/FT, mtios, thyroldspecific antbody titers, or TDG
scrum Jevels (Table 1).

Serum levels of Tg almost doubled following lodine -

depletion, and this effect was visible during the entire
24-hour period (Fig 1, Tublke 1), Data snalysic by both
computcr-ussisted progrums showed oo pulsatlle release
paticrn of Tg. and no clear circadian chanpes of Tg were
found. The paticrn of TSH sceretion during lodine suppic.

mentation showed the expected pulsstie snd circadian °

varistions (Tablke 2). Following perchlorate treatment, mean
rerum Jovels of TSH were significantly diminished, but the
circadian pattern was siill present (Fig 1). The analysis of
the pulsafile relcast paticrn domoosinsicd 3 signibicant
qcduction In pulse amplitude ia cach rhyvthme bl the
number and ckiribuion of TSI puises remaincd on-
chanped (Tablc Zj. o signilicant crosscorzeiation between
Tg and TSH rhythms could he detected.

DISCUSSION

The importance of iodine deficiency for goiter formatica

Is undisputed. TSH may mcdiatc these effccts by ks
intcraction with lodine uptake and organification and its
role in thyroid growth regulation. However, the pathophys-
folegkal changes in TSH occurring during the transition

" from narmal diciary lodine supply 1o the supply expectedin

Table 1. Comparison of Thyroid Charscteristics 1 the Ead of &
Waeks’ Supplementation With 200 pg lodide /4 PO cad £ Veels'
todine Depletion With 3 x 300 emg Parchiorste d In Fvwe Heslthy Male
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Fig L iodividusl pettern of TSH and Tg secration in Bve hasttyy
volmteers (A-E] folowing 4 wesks of srestment with 200 g lodide/d
PO (===} 3nd pocchiorsts 3 x 300 mg/# PO (...} Biocd samoiing
occurred svery 10 minutas for TSH snd svery 39 minutes for Tg. The
locstion of TEH pulses with the DESADE program Is graphically
shown in the upper pert of sach individual gragh,

slimentary Jodine deficiency are not well investigated.
{n-vitre and In-vivo test situations tn animal modcls and in
man generally focus cither on the TSH-dependent thyrcid
function following odine exposure that s 100-Told 1o

1.000-fold highes than expected, whea changing from por-

Yeble & Compariasn of TEH Sarum Laveis snd Charsctsristics of
Pulsariie TEH Secrefion ot T End of  Wesis’ Supolementatioe

Varunteyrs With 20C jig lodide /6 PO snd £ Waaks loding Depletios YWich 3 x 300
vy - racimee ma ?ud\!«ﬂ:ld in Five Haalthy Mals Veluntesrs
Thyrold volurme (mld 194372 NS 214283 bodde s tediere
== Thyroldal locide (mmol/mly 48213 <128 310212 — MunTSHswrumlevela MUY 151203 001 10201
Ty {amol L} 242082 NS U204 Numbee of TSH pulsse/200 424l N& WUhst
To lomolly M4SN NE WIZWI o Amounol TEHsecrviad/puise
) fhlomoltE | T2tk NS 7208 - it 5zs&Y O8% &Iz &Y
——FT peroity s 1> DS UTats Tempors! distriution of puises .
1Ty (renodf Ly S8 47 NS wS248 $:00 3 10 400 s $3z40 W3 S 28
= Tg (ng#mi} M6z 108 O Wi ws 4:00 Aa10 12:00 P 33213 N8 39:18
TBG {ug/miy 162213 NS 381:138 12:00 M 00 8:00 ra 1309 KRS 28218
. NOTE. Rasuts we means 2 S0

NOTE. Resulus Bramesns 2 £0.
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ADAPTATION OF T8H AND Tg SECRETION TO 100N SUPPLY

ma! 1o jodinc-deficient locations, or during a blockage of
fodinc organification scvere enough to kead to hypathyroid-
ism. =122 In our study, a high-normal dictary jodinc supply

to the thyroid was achicved by supplementation of iodinc to

the mildly deficient intake in the region, leading to a dally
lodinc “intake approximately_cquivakent_to_that_in the
United Stales. This was compared with a mild experimental
iodine deficiency elicited by perchlorate treatment and led
to a pronounced decrease in TSH scrum levels. These
changes are in parallel (o findings ia rats. underpoing
decrcased fodine intake that {nitially show no incrcase in
fevels of TSH,® whercas a more intense Jodine deficiency
leads 10 2 continuous Increase fn TSH ecrum levelse N8
Compantive epidemioiogical studics i homans living i
regions with mild-to-moderate dictary lodine deficiency
and reglons with norma! iodine supply, efther i ltaly or
northern Europe, showed a comparable reduction in TSH
scrum levels In Jodine deficiency similar 1o our findinge. ™
Development of thyroid autonomy has been suggesied as
the mechanlsm responsible for this reductioa fn scrum TSH
Tevels?'; this interpretation ks not supported by our data.
Dcvelopment of avionomy within 4 weeks In healthy
subjects scems 1o be uniikely. The unchanged scrum levels
of total thyroid bormonces and the slight decrease in FT,
levels may be a very carly sign of insufficient thyroid
hormone synthesis. Our findings instcad point toward a
higher sensitivity of the thyroid to the effects of TSH under
conditions of iodine depletion. By this mechanism, TSH
would more effectively seicuse thyioid Sormones, and thiz
would lead to a reductfos =f Siroot-ting == TSH leveke
via negative feedback. Our recent investigation of 24-hour
‘TSH rhythms in a group of ninc patents with diffuse golter
grude 1, and in onc case grade 11, supposts this finding, as
TSH scrum lovels In these patient groups were similarly
sreduced comparcd with healthy controls.

- The exact mechanism of jodine interference with thyroid’
function Is upknown. It has beea shown that » high iodine

supply inhibits TSH effects on cAMP formation. "2 Changes -

from 2 low (0 high-normal lodine supply in the rat, in the
abscnce of measurable changes in thyroid hormone or TSH
plasma concentrations, result in structural alicrations of
the thyrocyte, modification of the basolateral transfer of

“lodinc, formation of fodotactones, S gnd decrcases in Tg

fodination and endocyiotic fiuxes ¥ Upposite cffccts oe-
curring s a fimi adzpthe mechanism of the thyroid 1o
lodine depletion arc conccivable. Furthermore, Studer ef
al’™® provided cvidence for a beterogencous sensithvity of
thyrocytes to TSH in cuthyroidism. Recruitment of previ-
ously Insensitive thyrocytes to TSH action may be another
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mechanism of adaptation in lodine deficicncy, and may kead
1o an Increased surface arca for fodine trapping. Contribut.

* Ing to this recruitment may be an fncreass in thyroid blood

flaw, as suggested by recent detailed stodies in rats and in
humans showing an Inverse relationship between thyroid .

blood flow and fodine.X

These observatlons are coaslstent with our results shows
ing Increased serum Tg leveld. A participation of a higher
pereentage of thyrocytes in thyroid hormone synthesis and
seeretion in iodine deficiency may lead (0 an Incrcased
release of Tg stored In thyrold follickes. Decreasing folticu-
lar stores of Tg and therefore of Tp-bound Jodioe in lodine -
Geficiency. together with an insreased eficacy in vapping
iodine, may be an carly physiological mechanism of sdupia-
tioa to fodine deficiency, 2% Alternatiely, an increased
de-novo synthesis of Tg may occur, and the jodinc content
of this ncwly formed Tg may be decreased in lodine
deficiency. Since there are currently po assays avallable 10
determine the lodine content of Ty In eirculation, this
hypothesis cannot be further evaluated. Follicular necrosis,
as discussed previousty,® may serve as another explanation
in our volunteers, but the consisteacy of thyroid hormone
levcls In these healthy subjects argues against such an
cxplanation. Finally, we could not coafirm carticr findings
of a direct correlstion between serum Tg levels and thyrold
weight, serum thyroid hormone conceatrations, oe the
Tﬂg ratia.® ) .

Computesr-assisicd analysis of the pattern of TSH secre-
tion demonmraisd thay the dosrsesr fn mess 24 hour 'TSH
e2rurm bk wac due 0 » raduction i puler amnlitude, but
no change in the frequency of TSH pulses oc their distriby.
tion was found. Since the thyrold volume of the volunteers
was unaltcred by treatment, these data ate nol necessarily
in contradiction to our initlal kypothesis of an alicred
specific temponal pattern of TSH stimulation of thyroid
proliferation. The decrease In TSH serum levels may occur
as 3 very early sign of adapiatioa of the thyroid to jodine
deficiency, because the sensitivity of thyrocytes is increased
and a greater number of thyrocytes participate In thyrold
function, thus reducing the requirement of pituitary TSH
stimulation. A further decrease fn dictary iodine supplyors .
longer-lasting lodine deficlency may then alter scrum coa-
centrations of TSH and/or the pulatile pattern of TSH
scarction potentiaily wis & decrease i Thyrold hormone
synthesis. supsequently stimurating teyroid growth.
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